Onboard cone-beam computed tomography (CBCT) has been widely used in image-guided radiation therapy including 3D-3Dpatient positioning. However, the application of CBCT is still very limited due to lower image quality (compared with diagnostic CT) and limited longitudinal coverage (17 cm in head mode and 15.5 cm in body mode). Recent studies show that helical CBCT can be used to improve longitudinal coverage, and exact helical CBCT reconstruction may produce images with higher-quality than traditional approximate CBCT reconstruction
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. The aim of this study is to attempt to solve these issues. Our results showed that the images reconstructed using Katsevich's exact reconstruction method for CBCT using helical trajectory can reconstruct images with more uniform and more accurate CT numbers at the cost of slightly less pixel resolution than FDK's approximate algorithms.
CBCT acquisition: Catphan 600, 360° helical trajectory in head scan mode, pitch = 25 cm, 100 kVp, 20 mA, 25 ms, full bowtie filter, FOV = 25 cm, on a TrueBeam treatment machine in the research mode (with XML programming). The raw dataset contained 659 projection images (in 1024 × 768 pixels, with gantry angles and couch table positions), an air normalization image (the average of multiple air scan images acquired at different gantry angles). The kV detector size is 40× 30 cm 2 . SAD = 100 cm, SDD = 150 cm.
Reconstruction:
The projection data undergo preprocessing that consists of scatter correction, beam-hardening correction, bowtie filter correction, and air normalization. The preprocessed data then were passed to the reconstruction process. The Catphan volume was reconstructed using two algorithms, Katsevich's exact and FDK approximate methods. Katsevich's algorithm is relatively new. It can be summarized as In both equations, the D f is the helical cone-beam data in local coordinates. Both algorithms do a few further preprocessing (mainly filtering) followed by backprojection. Katsevich's algorithm does backprojection by integration from preprocessed data with a range defined by PI-lines. In our study, we found that for a point to be reconstructed with minimal required data, the PI-line has to and only needs to cover 197.21°. FDK method also does backprojection by integration from a certain amount of projection data. In order to compare both algorithms when same amount of data is used, we increased the angle range in FDK reconstruction to [-98.61°, 98 .61°] of current gantry angle, which is slightly more than generally used [-90°, 90°] .
Due to mechanical restrictions, the gantry angles of the projections are not uniform, off from the expected positions of a perfect helical trajectory, and when not taken into account, cause severe artifacts. A correction to this problem was made by multiplying the processed projections by a weighting factor based on their off from expected positions, higher off getting smaller factor. Both reconstruction use Shepp-Logan window in the filtering step.
Both algorithms were implemented in C programming language and run on an 8-core Windows PC. Both programs take about 10 minutes to reconstruct a 512×512×250 volume at 2 mm slice thickness.
Results:
The reconstruction results for three Catphan modules of the two methods are shown in Figure 1 . Katsevich's method generates less artifacts (Figure 1 (a) and (c) vs. (e) and (g)) and better low-contrast (Figure 1 (d) vs. (h)) than FDK method. However, the pixel resolution from Katsevich is slightly worse than FDK (Figure 1 (b) vs. (f) ). Katsevich also generates more accurate CT numbers. Figure 2 shows that the CT number curve for Katsevich's method is much closer to the manufacturer suggested values than FDK method and has much less error. We can see in Figure 3 from the CT number profiles along a line in the water module of the two reconstructions that the Katsevich's method generate more uniform CT numbers than FDK, in which FDK failed to account for the wide cone angle problem while Katsevich's algorithm handles this well. The noise-level of Katsevich's reconstruction is significantly lower than that of FDK. In the water module, the standard deviation (SD) of Katsevich's reconstruction is 28.07, while the SD of the FDK reconstruction is 44.64. 
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